Low temperature Raman spectroscopy was applied in study of bis(trimethylsilyl)acetylene (BTMSA), a known catalyst with very low barrier for the internal rotation of methyl groups -less than 10 cal/mol (Sipachev et al. J. Mol. Struct., 523 (2000) 1). Since crystals consisting of Xexible molecules often show polymorphism, it was of interest to Wnd out if it is the case of BTMSA.
Introduction
Bis(trimethylsilyl)acetylene (BTMSA) often serves as a catalyst in organic synthesis [1] [2] [3] , and it would be of use to know its temperature stability and crystalline phases. Our interest in BTMSA stems from the possibility to study how the ordering of methyl groups in solid aVects the nature and stability of the given phase. BTMSA has altogether six methyl groups symmetrically placed in two groups of three and connected by two silicon atoms joined through an acetylenic bond. The barrier for internal rotation of one part of the molecule (three methyl groups together) with respect to the other was calculated by Sipachev et al. [4] to be very small. Their ab initio calculation was a restricted Hartree-Fock one, taking account of electron correlation as Møller-Plesset second order perturbations, with diVerent basis sets. Total energies of D 3d and D 3h (trans-and cis-) conformers diVered for less than 10 cal/mol, thus supporting the hypothesis of almost free internal rotation of methyl groups in the gas phase.
Here we present low temperature Raman results of the study of both internal and external parts of BTMSA vibrational spectrum starting from 323 K and cooling to 10 K. Particular attention was paid to dynamics and changes in methyl modes, in order to elucidate ordering in solid. Rotations of methyl groups in solid monosubstituted neopentanes have been the subject of NMR [5, 6] , infrared [7, 8] , microwave [9, 10] and Raman [11, 12] studies. Szczemniak [5] pointed out that for solid (CH 3 ) 3 COH, the barrier to internal rotation of a methyl group is larger (22.3 kJ/mol) than the barrier for t-butyl group (13.2 kJ/mol). On inspection of intra-and intermolecular distances in crystals containing tbutyl group, one Wnds that the shortest distance d between two methyl groups from the same molecule is smaller than the shortest distance D between two methyl groups from diVerent molecules: d < D. This observation is valid for most of the compounds of the (CH 3 ) 3 CX type [13, 14] , but in case of (CH 3 ) 3 SiX compounds, the opposite, d > D, is true [15] [16] [17] . Tert-butyl compounds (CH 3 ) 3 CX have three solid phases [18] : in phase I dipole moments of molecules possess orientational freedom, in phase II there exist uniaxial rotations of molecules around their C-X axis, and in phase III there is freezing of all molecular orientations. . We have found that it solidiWes at 263 K on cooling. In the previous article [20] we reported the observation of an asymmetric band proWle of the triple carbon-carbon stretching band at temperatures between 10 and 300 K, and tentatively suggested that the crystalline phase of BTMSA might be a glassy crystal. There, molecular centres of mass would be lying on the translationally ordered lattice, but orientation of six methyl groups would be disordered.
Experimental
Bis(trimethylsilyl)acetylene (BTMSA), 98% pure, produced by Sigma-Aldrich, was degassed and sealed in a capillary under vacuum. The capillary was mounted on a cold Wnger of CTI CRYOGENICS model 21 closed cycle He cryostat operating with Lake Shore temperature controller. Temperature stability was about §0.1 K. 
Results and discussion
Bis(trimethylsilyl)acetylene is a non-rigid molecule, for which proper symmetry group is a permutation-inversion group. Its character table has not been worked out yet, but suYce it to say that the group for B(CH 3 ) 3 is G 324 and has 324 elements [21] , and for (CH 3 ) 3 GeCCH is G 162 with 162 elements [22] . Because we are focused mainly on the Raman spectra of solid, we shall use D 3d symmetry group for the assignment of trans-BTMSA bands. In particular, we are interested in the possible appearance of methyl internal rotation transitions.
An overview of the whole infrared and Raman spectrum of liquid is given in Fig. 1 . Relatively small number of observed bands indicates lack of splitting of methyl bands (there are three methyl groups attached to each of two silicon atoms as shown in Fig. 2 [23] ). Seventy eight normal modes of BTMSA trans are distributed among the irreducible representations of D 3d as follows: 9A 1g 4A 2g 13 E g 5A 1u 8 A 2u 13 E u . Vibrations A 2g and A 1u are inactive.
In Table 1 are listed all fundamental modes of BTMSA D 3d , together with calculated frequencies of normal modes. We undertook an independent calculation using B3LYP functional and 6-311++G(d,p) basis set [25] in order to check if more sophisticated ab initio calculation would produce any infrared fundamentals falling in the interval between 400 and 600 cm ¡1 , because we observed two infrared bands at 451 and 538 cm ¡1 (see Table 2 . for complete listing) and none were calculated to be close by Sipachev et al. [4] . It turned out that our unscaled values below 1000 cm ¡1 are very close to those scaled from [4] . We found Figs. 3 and 4 ., respectively. Positions of all observed bands at 10 K are given in the Wrst column of Table 2 . There is a good agreement between the number of observed and expected number of phonons, since 2a g + 4b g phonons are Raman active and six bands observed below 100 cm ¡1 at 10 K. As for internal observed modes, in general, there are less bands than expected by group theory. SpeciWcally, for methyl torsion bands [4] , there are six bands at 200, 187, 179, 171, 164 and 161 cm
¡1
. They are assigned as 25 and 13 modes that split in the crystal. In Fig. 4 . a band at 38 cm ¡1 observed in Raman spectrum of liquid after the correction with R( ) function [24] is indicated. It probably corresponds to In conclusion, Raman spectra of BTMSA solid at low temperatures completely agree with predictions based on space group P2 1 /c with Z D 2, with trans conformer present.
